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INTRODUCTION
In Meghalaya, incidence of malaria is increasing sig-
nificantly from the year 2001. A series of epidemic sea-
sonal malaria outbreaks had occurred in these areas in
the past decade. These outbreaks caused 29,710 (aver-
age) clinical attacks annually. In Meghalaya, Plasmodium
falciparum accounts for 93% of the total malaria cases.
More than 75% of all the cases in Meghalaya had been
observed in Garo Hills area (East, West, and South Garo
Hills district). The annual average prevalence of malaria
in India is 106 per 100,000 population, whereas in
Meghalaya it is 920 per 100,000 population, which is 8.6
times more than the national average. The prevalence rate
of malaria in Meghalaya is highest in the northeastern
states and second in India1. The incidences of malaria
were prevalent in foothills and valleys of Meghalaya, but
now it is gradually spreading to the highland areas of the
state. The main cause for this rise in infection is land use
and human settlement pattern.
In the last decade, Meghalaya experienced rapid hu-
man population growth. This unprecedented increase in
human population in Meghalaya induced dramatic
changes in land use and land cover (LULC) and human
settlement patterns2. This type of unplanned land use di-
vides lands into small land patches3, 4 and alters elements
of local ecosystem such as soil character, pH, ecology of
local flora and fauna and most important surrounding area
temperatures5, 6. Although these land patches are situated
in the same locality, each has a different environmental
character3. In each patch, several types of resources are
available to malaria vectors7 and all the malaria vectors
are more sensitive to these environmental changes. Their
survival rate, density and distribution are dramatically in-
fluenced by different types of environmental changes,
such as temperature, humidity, and availability of suit-
able breeding sites8–11.
Several hypotheses and studies suggested that these
LULC changes have influenced malaria vector larval
habitat availability, productivity, density and distribu-
tion in the world12–16. Some of the subsequent studies in
Meghalaya observed changes in local malaria incidences
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ABSTRACT
Background & objectives: The Meghalaya region had been considered free of malaria, but recently malaria cases
in the foothills and valley areas raised concern that malaria transmission at high elevations may be increasing.
This increase is associated with land use and land cover (LULC) changes. This LULC directly modifies larval
habitats and affect the anopheline larval distribution patterns.
Methods: In this survey, effects of LULC changes on the distribution of anopheline larval habitats in Meghalaya
over a three year period (April 2008 to March 2011) was observed. Mosquito density and diversity of neighbouring
four villages located along natural swamps (less disturbed) were compared with 16 villages located near disturbed
area (cultivated area, urban area, pastures land area and national highway area).
Results: The association between LULC type and occurrence of anopheline larvae was statistically significant.
The distribution of anopheline positive habitats varied significantly between seasons. The mean density of Anopheles
was significantly higher in urban area in all the seasons, but higher in farm land and pasture land areas only in
rainy and post-rainy seasons. The six most common species collected were Anopheles maculatus (19.2%), An.
vagus (13.7%), An. annularis (9.1%), An. philippinensis (8.1%), An. barbirostris (5.1%) and An. minimus (4.6%).
LULC changes occurred mainly in valleys and National Highway Development Programme Phase III site. Overall,
open forest area, farm land area and national highway development project phase area were observed to increase
by 2.9, 1.7, and 2.1% respectively.
Interpretation and conclusion: Our results indicate that LULC changes in the study area were favourable to
Anopheles larval development, increasing the risk of the spread of malaria vector habitats and malaria transmission
to non-malarious regions of Meghalaya.
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and prevalence due to mosquito resistance17 and density
change18–20. No studies have investigated the effect of
landscape changes on anopheline species density and di-
versity particularly in Meghalaya. Therefore, the focus
of this study was to determine land use effects on the
distribution of anopheline larval habitats.
MATERIAL & METHODS
Study area
The study was conducted in 20 villages of four dis-
tricts in Meghalaya (East Garo Hills, West Garo Hills,
South Garo Hills and Ri-Bhoi). Geographically the area
lies between geo-coordinates 25°09′ 30″ N to 26°01′ 42″
N and longitudes 89°51′ 25″ E to 92°50′ 37″ E and sur-
rounded by malaria endemic areas: Asom (north and east)
and Bangladesh (south and west) (Fig. 1). The elevation
of the study site was in the range, 100–1100 m. The aver-
age monthly minimum temperature was 13.8°C (8–
16.2°C) and maximum temperature 23.7°C (20.3–31°C);
the hottest season during May–July and the coldest sea-
son during December–February. The annual rainfall var-
ied of 2300–11436 and an average of 321 mm. Accord-
ing to the 2011 national census21, population growth of
Meghalaya was 706,810 (30.65%) in the past decade. The
study area included a mosaic of land use types. A natural
forest was located in the western part as a form of patch
and constituting approximately 12%22.
Selection of land use sites
Land use in Meghalaya was initially classified into
two broad categories, natural (essentially consisting
areas with typical natural vegetation (NFA) covers, with
little or no human interference) and artificial. The artifi-
cial land use type was further subdivided into following
categories: Farm land area (FLA); Urban land area (ULA);
Pasture land area (PLA); and converted or Open forest
area (OFA). Five sites were selected from each district
and each site representing a land use category (NFA, FLA,
ULA, PLA and OFA)23.
Determination of LULC changes
The LULC change detection was achieved by using
prepared LULC maps 2008–11, procured from ISRO’s
new web portal “Bhuvan”. The maps were re-projected
using Erdas Imagine 9.1 (Leica Geosystem Geospatial
Imaging, LLC) software to give map properties to the
images. The verification of these land use types was done
through field surveys in both the rainy as well as dry sea-
sons for three years 2008–11, using handheld global po-
sitioning system (GPS) devices (Garmin 12). The geo-
graphical rectified image of each year was re-digitized to
obtain polygons for the respective classifications of
LULC. This was on the basis of spectral signature of each
of the five classes (mentioned above) using ArcGIS 9.2
software (ESRI). In order to calculate the area of each
class of LULC map, the calculated geometry function in
attribute table of ArcGIS 9.2 software was used. The
changes in LULC of each class were obtained by com-
paring the area in 2008 with that in 2011; these changes
were presented graphically (Figs. 2a–c).
Larval habitat characterization
Environmental variables recorded for each habitat
were: size, water temperature, pH, dissolved oxygen, wa-
ter surface area, water turbidity, distance from colony,
canopy cover, aquatic animals and substrate type. Sub-
strate type was classified as muddy, sandy with gravel
and soil, and artificial without soil. Water pH, tempera-
ture, conductivity, dissolved oxygen, turbidity, and light
Fig. 1: Map showing sampling of the study area of Meghalaya region.
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times annually during the years 2008–09 and 2010–11.
For the purpose of the survey, the year was divided into
three phases, i.e. pre-monsoon, monsoon and post-mon-
soon. In each sampling season, all the aquatic habitats
(including water containers in and outside of the houses)
were systematically searched and their locations recorded
by handheld GPS. The length and width of each habitat
were measured. Land cover type and habitat locations
were classified for the aforementioned five categories.
Each aquatic habitat was examined for the presence of
anopheline larvae using standard dipping techniques as
described by Service24. The number of dips taken from
each habitat was dependent on the perimeter of the larval
habitat. Larvae and sample of water from each larval habi-
tat were placed in plastic bags and transported to the labo-
ratory for further processing. Anopheline larvae were
separated from Culicine larvae and identified to species
using the taxonomic keys of Gillies and Coetzee25.
Meteorological data
In each village, one thermometer and relative humid-
ity data loggers (Onset Computer Corporation, Bourne,
MA, USA) were placed and one person was appointed to
record temperature and humidity daily over a period of
three year. Rainfall data were collected from the Meteo-
rological Department of India.
Statistical analyses
All data were tested for significance by one-way
analysis of variance (ANOVA), where significant differ-
ences were observed in an ANOVA test, the Tukey’s
honestly significant difference test was used to separate
the means.
RESULTS
Percent changes in land cover area during study period
The contribution of each land use type to the total
LULC area of the study area in 2008 and 2011 is
depicted in Figs. 2a & b, respectively. In 2008 OFA was
the major land use type (36.5%) followed by NFA
(27.5%), PLA (17.7%), FLA (15.4%) and ULA (2.9%)
respectively (Fig. 2a). In 2011, OFA increased to 2.9%,
FLA 1.7% and ULA 1.3%; NFA and PLA declined to 3.6
and 0.9% respectively (Figs. 2b and c). Maximum reduc-
tion occurred in NFA, reduced to 1220 km2 (3.6%) and
maximum increase in OFA 721.23 km2 (2.9%). These
LULC changes occurred along the rural/urban areas.
Anopheline species composition and relative abundance
A total of 16,004 larvae and 26 species of anopheline
Figs. 2 (a–c): Land use and land cover changes in Meghalaya: (a)
2008; (b) 2011; and (c) 2008 and 2011.
intensity of larval habitat were recorded by means of a
portable meter.
Larval habitat survey and mapping
For Anopheles larvae habitat mapping, surveys (in
all the above mentioned villages) were conducted three J Vector Borne Dis 50, June 2013 124
were collected from the selected sampling sites during
2008–11. The highest prevalence was in An. maculatus
(15.32), followed by An.  annularis  (11.7),  An.
philippinensis (9.67), An. nigerrimus (5.8), An. subpictus
(4.67) and An. minimus (3.51%). The other 20 species
comprised >50% of the total collection. The abundance
of larval species increased during the rainy season and
peaked in October annually. The number of species col-
lected from different LULC types in different seasons
varied significantly (p <0.05). The highest number of spe-
cies found during April and May (n = 17), while only
five species were found in November.
Description and distribution of larval habitats
From 2415 habitats investigated, 861 (35.7%,
p <0.01) were Anopheles larval habitats, and 461 (19.1%,
p <0.01) of these habitats had anopheline larvae only.
Anopheline and culicine larvae were found in 1128
(46.7%, p <0.01). A total of 19,287 anopheline larvae
were collected and mapped from 2415 larval habitats,
which were categorized into five types. The association
between the occurrence of anopheline larvae and land
cover was significant (p <0.05) during the rainy season.
In FLA and PLA highest numbers of anopheline larval
habitats were found during rainy season (25.3% of all)
and least habitats were recorded in FLA and PLA during
spring season. In ULA, habitat number was about same
in all the seasons. One-way ANOVA revealed that larval
density of anopheline was significantly correlated
with rainfall (F8, 35 = 4.23; p <0.002). The proportion of
mosquito positive habitats was significantly higher in
ULA (66.1%, p <0.01). The association between
LULC and anopheline positive habitat was significantly
different in all the seasons. Overall, the highest
anopheline larval habitat was found in ULA (51.1%) and
FLA (46.4%), followed by PLA (29.1%) and OFA
(25.7%). NFA had least number of Anopheles larval habi-
tats (10.8%) (Table 1).
DISCUSSION
The climate of all the three districts of Garo Hill along
with Ri-Bhoi is not very healthy, i.e. highly humid and
hot as compared to other districts of Meghalaya, which is
favourable for mosquitoes. There were massive changes
in these areas in the past two decades: 2-fold increase in
the population, more transportation and communication
with other regions, shifts in land use patterns and rise
in mean annual temperature; each of these changes
could affect the density and distribution patterns of
Anopheline8, 15, 26, 27. Urbanization, reforestation and de-
forestation have produced major changes in land use and
land cover in this area. The state land use policy may
affect the mosquito density and abundance in several
ways28; more man-made aquatic habitats become avail-
able for the Anopheles species, the physical and chemical
properties of mosquito larva habitats may change.
The results of this survey demonstrate that land cover
modification affect the availability and suitability of
aquatic habitats for Anopheline larvae and canopy cover
was the only factor significantly associated with the oc-
currence with Anopheles larvae. Similar results have been
compiled by Minakawa et al29; Lindblade et al6; Lindsay
and Martens12; and Gimnig et al30. Open aquatic habitats
occurred more often in FLA and ULA than the NFA and
OFA. Therefore, productivity of Anopheles mosquitoes
was significantly higher in FLA and ULA compared with
NFA and OFA. Mosquito growth rate was significantly
(p <0.05) high in FLA habitat compared to other land
cover because water temperature of FLA was higher. It is
known that, cultivated swamps and urban aquatic habi-
tats generally receive more exposure to sunlight than those
in natural swamps, the ambient air temperature in the
cultivated swamp and urban areas was significantly higher.
Farmers’ activities also increased habitat numbers in farm-
land31. During the rainy season, emergent aquatic plants
grow considerably and make shade over aquatic habitats,
Table 1. Distribution of anopheline larvae in habitats
Habitats     Number of Larval habitat types
habitat NFA OFA PLA FLA ULA
Mosquito positive 1228 (50.8) 118 (15.6) 189 (36.2) 219 (46.2) 287 (66.1) 415 (69.1)
Anopheline positive 861 (35.7) 82 (10.8) 134 (25.7) 138 (29.1) 287 (46.4) 307 (51.1)
Only Anopheline positive 461 (19.1) 38 (5) 51 (9.7) 61 (12.8) 114 (26.3) 179 (29.8)
Mosquito negative 1188 (49.2) 638 (84.4) 333 (63.7) 255 (53.8) 148 (34) 186 (30.9)
pH – 6.5–7.1 6.6–7.3 6.8–7.3 6.8–7.2 6.9–7.2
No. of larvae per dip – >10 >23 >41 >39 >60
Total habitats 2415 756 (100) 522 (100) 474 (100) 434 (100) 601 (100)
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which make the habitat suitable for mosquito breeding32.
The most common aquatic habitats in farm land are rice
plant nursery, drainage and ditches.
Occurrence of the anopheline larvae in urban aquatic
habitats may result from a combination of several factors
but our survey suggests that three factors are important
for successful development of Anopheles larvae. First,
this habitat is situated very near to feeding and resting
place of anopheline mosquitoes, larval predation is less
prevalent in permanent urban habitats than permanent
habitat of farmland and forest land33–36. High water and
atmospheric temperature are characteristic of ULA.
Warmer temperatures, resulting from dryness of the
aquatic habitat during day time shorten larvae - pupae
development time and larval mortality37, 38. The
anopheline mosquitoes may have evolved to selectively
utilize these favorable conditions. In lowland urban areas
of Meghalaya, water temperature of artificial container
and water tank temperature (summer season) reach 35°C.
Anopheles mosquitoes tolerate relatively high water tem-
perature39. In addition, warm temperature may allow more
micro organism to grow, which provide food for mos-
quito larvae40.
Meghalaya highlands were originally heavily for-
ested, providing an environment unfavourable to Anoph-
eles mosquito. Clearance of the forest for agricultural
activity or urbanization provided suitable mosquito breed-
ing sites. Thus, deforestation was one of the reasons for
increased mosquito in Meghalaya.
In conclusion, the results of this survey support the
hypothesis that recent LULC changes in Meghalaya pro-
vide suitable habitat conditions for Anopheles mosqui-
toes. Deforestation and unplanned urbanization creates
suitable habitats for Anopheles. This information from
survey improves our understanding of LULC effects on
anopheline ecology and may be useful in formulating new
and effective malaria control programmes in Meghalaya.
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